Two or more forms of in vivo chlorophyll a with different absorption spectra appear to exist together in green plants (8, 9, 14, 16, 18, 20, 23) . This paper describes the various components of the chlorophyll absorption band in the red region in Chlorella, as to their peak positions, half widths, and relative stability to light in cell homogenates.
The decline in photosynthetic efficiency at longer wave lengths within the red absorption band of chlorophyll a discovered by Emerson and Lewis (5, 6) might be attributed to coexisting active and inactive forms of chlorophyll a with the inactive form absorbing at longer wave lengths. While other explanations may be necessary to account for the supplementary light effect of Emerson, Chalmers and Cederstrand (3, 4) , detailed information about the spectra and the relative photosynthetic ability of the several forms of chlorophyll a as they exist in plants is essential to an understanding of this striking phenomenon.
Evidence for the coexistence of 2 forms of clhlorophyll a in green plants has been given by Krasnovsky and his co-Norkers (16, 18, 23) on the basis of absorption spectroscopy. A shift in the position of the red absorption peak of chlorophyll a in chloroplast suspensions caused by partial photochemical bleaclhing was also discovered by the Krasnovsky group (17) and attributed by them to the selective destruction of one of the two forms of chlorophvll a.
The experiments here reported were started with the hope of using this selective photobleaching as an aid in deriving the absorption curve of the more readily bleached form by subtracting the curve for the sample after partial bleaching from the original curve.
Chlorella was used for these experiments because its derivative absorption spectrum has a marked discontinuity, showing very clearly the presence of 2 'Received April 1, 1959. overlapping components in its red absorption bands (10) . Preliminary experiments showed that the chlorophyll components of Swiss chard chloroplast material bleached at an equal rate (1) . Chlorella, however, gives absorption spectra of different shapes before and after bleaching, as here described.
The action spectra obtained by Haxo and Blinks (15) indicate that plants contain an active and an inactive form of chlorophyll a. The approximate absorption spectra for the active and the inactive forms have been derived (13) for Porphyra naiadum and for Delesseria decipiens from the data of Haxo and Blinks. The present paper gives more precise curves for the components of the red band of chlorophyll in Chlorella. figure 2 and the analysis of the difference curve into its components. Derivative spectra (7) show the band shapes much more clearly but the absorbance curves present the picture in more conventional form. Both types of measurements were used for this work. Without the derivative data the small differences between some absorbance curves, while visible, would not attract attention. To avoid the complication of carotenoid absorption the measurements were restricted to the orange and red part of the spectrum.
PROCEDURE
The partial bleaching was accomplished by illumination with a strong red light from a tungsten source through 5.5 cm of water and Corning filter no. 2418 transmitting beyond 620 mu. With the filter removed the white light intensity at the position of the cuvette was about 100,000 ft-c.
For Experiment 1 only the derivative curves were measured before and after bleaching for 11 minutes. This bleaching time was divided into 5-and 6-minute exposures with a brief cooling period between to prevent the temperature from exceeding 300 C.
For Experiment 2 both derivative absorption spectra and the usual absorption spectra in the Beckman DK-2 were recorded with the same sample of green supernatant before and after bleaching for 10 minutes and again after an additional 5 minutes to make a total of 15 minutes of bleaching.
The experimental derivative curves were matched by summation of hypothetical components with a curve analyzer (12) . The component curves were the first derivatives of the probability or Gaussian curve, y=aebx2. The curve analyzer allows us to change the horizontal or vertical scale and wave length position of each component independently and to record the individual components, as well as their sum, on the same scale as the original data. Trials were made until the sum of the components fitted the experimental curves as closely as possible.
In working with a derivative of a Gaussian curve it is convenient to express the width of the curve as the distance in wave length units between the negative and the positive peaks of the derivative curve. This value has been multiplied by 1.18, a factor which gives the width at half-height for the corresponding integral curves.
RESULTS
Experiment 2, being more complete, will be discussed first. The absorption spectra of the supernatant from disintegrated Chlorella cells are given in figure 1 before and after 15 minutes of bleaching by red light. Figure 2 shows the derivative absorption spectra of the same preparation and also gives the summation of the component curves used to fit the experimental data. The proposed component curves are given in figure 3 . By changing their size but not their position or width, these curves may also be fitted to the derivative curve for the bleached preparation as shown in figure 2 .
The original hope based on Krasnovsky's results was that partial bleaching might selectively reduce the amount of only a single component thereby making it possible to determine by direct subtraction the shape of the absorption spectrum for 1 form of chlorophyll a. However, the difference spectrum between the original and the partially bleached material had a complicated shape as shown in figure 4. This difference curve between the original and the material bleached for 15 minutes appears to consist of chlorophyll b and the 3 different chlorophyll a components given in figure 3 . The sum of these components is compared with the difference curve in figure 4 .
While the difference curve does not represent a single component as had been hoped, it does show that the different components present in the original preparation are not equally photosensitive. If they had been bleached proportionally, the original spectrum, that for the bleached material, and that for their difference would all have the same shape and would differ only in a scale. Furthermore, from a comparison of the curve analyses of these 3 spectra we may conclude that no components absorbing in this wave length region were produced by photo-bleaching.
The data of Experiment 1 were analyzed similarly. In addition an independent analysis by a different procedure was kindly done by Dr. Joseph E. Hayes, Jr. of the National Heart Institute. The results of these 2 curve analyses are compared in tables I and II.
The peak position and half width of the probability 
DISCUSSION
The derivative absorption spectra of Chlorella and of many other green algae have a plateau or shoulder near the wave length at which this curve crosses the zero line (10) . (The wave length where the derivative is zero is the position of the absorption peak.) This plateau has always been observed in living Chlorella. It is present but less sharp in aqueous extracts prepared by breaking the cells in a needle-valve. An absorbance curve shows a small region of constant slope near the absorption peak corresponding to the plateau on the derivative curve.
This plateau is considered to be direct evidence for the simultaneous existence of 2 overlapping forms of chlorophyll a in vivo. The plateau is caused by the positive peak of the longer wave length component falling on or very close to the same wave length as Analysis by almost any assumed band shape for components is preferable to visual inspection for location of individual peak positions in complex spectra.
For estimation of the band widths of individual components the shape used is more important.
In the analysis of spectra of solid particles, the distorted shape due to the flattening reported by Duysens (2) and the light scattering found by Latimer 
